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Before new tests are implemented, it is important to compare
their results with those of other measurement methods that
are already in use. In the determination of this so-called
agreement between methods, one may choose between
several statistical approaches. The correlation coefficient is a
popular approach to determine the agreement between
measurement methods. It is easy to calculate, but has
important limitations: it does not provide any information on
the type of association and it is extremely sensitive to the
range of values within the study. Finally, a correlation
coefficient does not reveal whether any difference between
two measurements is systematic or random. Therefore, it is
highly preferable to use Bland–Altman plots instead, as these
reveal both systematic and random errors. Bland–Altman
plots are also preferable in case of repeated measurements
and calibrations.
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In many clinical studies comparison of different tests is
important. When a cheaper or easier method to measure, for
example, the glomerular filtration rate (GFR), has been
developed, one would like to know whether the results of this
new method agree reasonably well with the usual or
established method. To determine agreement is difficult, as
several aspects should be taken into consideration. The ideal
method should indicate whether (1) the relationship is linear,
that is, if method A increases, does method B show a
proportional change; (2) there is a systematic difference, that
is, do both methods A and B start at the same point and is the
difference independent of the size of the values; and finally
(3) the random difference is sufficiently small. In this article,
we will explain the two most used methods, the correlation
coefficient and the Bland–Altman plot with nephrology
examples from the literature.
CORRELATION COEFFICIENT
The first test most researchers perform to determine whether
two methods give the same results is to calculate a correlation
coefficient. The one most commonly used is Pearson’s
correlation coefficient, which, despite its name, was first
introduced by Francis Galton in 1886.1 Karl Pearson later
refined the formula.2,3 Pearson’s correlation reflects the
degree of linear relationship between two variables. It ranges
from þ 1 to 1. A correlation of þ 1 means that there is a
perfect positive linear relationship between variables, whereas
a correlation of 1 means that there is a perfect negative
linear relationship between variables. A correlation of 0
means that there is no linear relationship between the two
variables. Therefore, the correlation coefficient would seem
like a good method to use. However, for the calculation of
agreement, the correlation coefficient has several weaknesses
that will be discussed in the following paragraphs.
Different types of association
Most important, different types of association may result
in the same correlation coefficient. As can be seen in the
correlation graphs of Figure 1a and b, both a linear
association and a clearly curved linear association can have
the same Pearson’s correlation coefficient. Also the graphs
in Figure 1c and d have the same correlation coefficient,
although from inspecting them it is very clear that agreement
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between the two measurements is far from perfect. Therefore,
it is of utmost importance to inspect the data visually before
calculating Pearson’s correlation coefficient to determine
whether a relationship truly is linear.
In 2004, Mariat et al.4 compared six different methods to
determine residual renal function with the inulin clearance.
The study by Mariat et al. is a good example of how
agreement between measurements should be determined. In
this article, we will only discuss the agreement between 24-h
creatinine clearance and 24-h inulin clearance. Their
correlation is plotted in Figure 2a. The scatter plot shows a
linear relation between the two methods, so Pearson’s
correlation coefficient was calculated, which was actually
0.71 with a highly significant P-value (Po0.0001). Many
researchers prefer the correlation coefficient, as P-values are
easily provided. However, P-values are of little use when
studying agreement; in fact, it would be quite remarkable if
two methods that were designed to measure the same effect
would not be significantly correlated. In the interpretation of
this correlation coefficient, two other issues should receive
attention, namely, the range of values studied and a potential
systematic difference.
Range of values
First, the correlation coefficient is sensitive to the range of
values that are in the study. As could be seen in Figure 3, the
broader the range of values, the higher the correlation
coefficient. Therefore, a study investigating only the patients
at a predialysis outpatient clinic who usually have GFR values
below 30 will show a much lower correlation coefficient for
the two methods than a broader population, which also
includes patients in the earlier stages of renal failure. As a
consequence, it is incorrect to compare correlation coeffi-
cients obtained from populations with important differences
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Figure 1 | Four different data collections, all with N¼ 11, Pearson’s correlation coefficient of 0.80. (a–d) All have a mean X of 5.0, and a
mean Y of 7.0. Spearman’s correlation coefficients were 0.79, 0.75, 0.81, and 0.81, respectively.
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Figure 2 | (a) Correlation between inulin and 24-h creatinine
clearance. r is the correlation coefficient. Line is the regression line
used for the calculation of the correlation coefficient. Reprinted by
permission from Macmillan Publishers Ltd: Kidney International,
Mariat et al.4 copyright 2004. (b) Correlation between inulin and 24-h
creatinine clearance. r is the original regression line, e is the line
through equality, d is the difference between the equality line and
the regression line at a inulin clearance of 0.
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in characteristics. This error is frequently made and therefore
caution is required when believing statements made by
authors claiming they have a much better correlation
(coefficient) than those obtained in other studies.
Systematic difference
Second, the correlation coefficient does not reveal informa-
tion on the presence of a systematic difference. When
comparing the line through equality (the orange line), with
the regression line (r) as was done in Figure 2b, we see that
the regression line starts at a different point and is less steep
compared with the equality line. This results in an over-
estimation of the GFR by the creatinine clearance for the
lower values of inulin clearance, while it results in an
underestimation for the higher values of inulin. On average,
24-h creatinine clearance levels were 6.7 ml/min per 1.73 m2
higher than the inulin levels. This suggests a systematic
difference between creatinine and inulin levels. This differ-
ence may be explained by the additional secretion of
creatinine by the renal tubules. Although this rate normally
does not exceed 10%, among individuals with low levels of
GFR this difference might be much larger.5 Therefore,
creatinine clearance based on urine collection levels will
overestimate the GFR. Such systematic differences are not
revealed by correlation coefficients, as is also shown in Figure
4a and b. Both a systematic difference of þ 5 (Figure 4a) and
a multiplication by 2.5 (Figure 4b) resulted in exactly the
same correlation coefficient as presented in Figure 1. A
proportionate (1:1) relationship is important in case of
interchangeability of two methods. We would like to know
the true GFR, as this can have clinical implications. Especially
for clinical decision-making and when prescribing medica-
tion, both overestimation and underestimation by a test
could have important consequences.
ALTERNATIVE METHODS
There are multiple alternative ways for the correlation
coefficient that can not only show an agreement between
two methods but also reveal a systematic difference. One
method is calculating the mean difference and performing a
paired t-test. This test easily shows a systematic difference
between the two measures, and in this respect, it is a good
substitute for the correlation coefficient. However, care
should be taken when providing only the overall mean
difference between the ranges of results of the two tests. It is
possible that a test overestimates values in the low range
while underestimating in the high range, making the mean
difference only zero.
A second alternative method is the intraclass correlation
coefficient or ICC.6 This method shows the proportion of the
variability in the new method, that is, due to the ‘normal’
variability between the individuals. The remaining variability
is considered to be a systematic difference. This test has the
advantage over Pearson’s correlation coefficient, in that it
contains both information on the correlation and the syste-
matic difference between readings. However, as the Pearson’s
correlation coefficient, the ICC is affected by the range of
values across a population.
A third alternative method is regression analysis. As we
explained in our previous article, regression analysis is very
useful to describe the amount of change in one variable if the
value of the other variable is changed.7 However, regression
analysis is less useful to describe the agreement, as it does
not give an indication of the size and amount of the
difference.
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Figure 3 | Relationship between the range of values and the
correlation coefficient. When selecting a specific population
with a narrow range of values, for example, only those with low or
high values, the correlation coefficient is lower than when
selecting the entire broad range of values.
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Figure 4 | Systematic differences. Two data collections with a systematic difference from Figure 1a. (a) All values are 5 points higher
than in Figure 1a (dashed line). (b) All values of Figure 1a are multiplied by 2.5 and 10 was subtracted. Both Pearson’s correlation coefficient
(0.80) and Spearman’s rank test for correlation (0.79) were identical to the data in Figure 1a.
1118 Kidney International (2008) 74, 1116–1120
a b c o f e p i d e m i o l o g y KJ van Stralen et al.: Agreement between methods
BLAND–ALTMAN PLOT
For the reasons outlined in the first part of this article, a
correlation coefficient might not be very useful to assess an
agreement, as it does not give an indication of the
discrepancy from equality. Therefore, a different method
was developed to determine this difference; the Bland–Alt-
man plot.8 The Bland–Altman plot is a scatter plot in which
the difference between the paired measurements (AB) is
plotted against their mean value ([AþB]/2). From this plot,
it is much easier to assess the level of (systematic) difference,
the scatter of the values, and to show whether there is a
relation between the values and measurement error. In
Figure 5, the Bland–Altman plot of the earlier presented
relation between the creatinine and inulin clearances is
shown as presented by Mariat et al. As could be easily
abstracted from this plot, the mean value of the creatinine
clearance is 6.7 ml/min per 1.73 m2 higher than the inulin
clearance, showing the systematic difference. This is the most
important advantage of the Bland–Altman plot. Furthermore,
random errors can be shown. First, it easily reveals the range
of the values, showing how much the data differ from the
mean values. Second, it shows whether there is a relation
between the size of the mean values and the random error.
This, thus, might be used to determine up to which level the
random error of creatinine clearance is still acceptable to be
used as an alternative for the inulin measurement.
Limits of agreement
Besides revealing systematic and random differences, the
Bland–Altman plot also has the advantage of showing the
variation in the results. In the Bland–Altman plot, usually
the mean þ 2 and 2 s.d. are shown in the graph, the
so-called ‘limits of agreement’. It can be easily abstracted
from the limits of agreement whether their ranges are large
or small with respect to the range of values. When the limits
of agreement are small and not of clinical importance, two
measurement methods could be considered interchangeable,
whereas when the limits of agreement are large, the new
method could be considered unsuitable for the replacement
of the other method.
The study of Mariat et al. showed that when the GFR
was estimated using the creatinine clearance, the limits of
agreement were large. As can be seen in Figure 5, the lower
limit of agreement was plotted at 39 ml/min per 1.73 m2,
whereas the upper limit was around 26 ml/min per 1.73 m2.
Such huge discrepancies could have important clinical
implications, as this means that when someone has a
creatinine clearance of 50 ml/min per 1.73 m2, the inulin
clearance could be between 11 and 76 ml/min per 1.73 m2.
This might result in incorrectly stating that one might be
considered eligible for predialysis treatment as well as that
one is healthy. On the basis of these results, one could say
that the 24-h creatinine clearance is not a suitable replace-
ment for the inulin clearance. These discrepancies are not
shown by the correlation coefficient, and are hardly revealed
by a normal scatter plot.
Repeated measurements
In the case of repeated measurements of two methods on
the same subject, it is desirable to use all data to compare
the two methods. It is possible to calculate the mean of the
two measurements and plot them in a Bland–Altman plot.
This will result in an accurate estimate of the systematic
difference. However, the standard deviation of the differences
will be underestimated resulting in a too small estimation
of the random measurement errors and too narrow limits
of agreement. Therefore, the methods would seem overly
precise. Bland and Altman developed a method based on
analysis of variance to adjust for this error,9 but other
methods based on, for example, the random effects model
have been developed as well.10
Limitations
However, using the Bland–Altman plot also has a few
limitations. First, the two measurements should provide
results in the same units on the scale of measurement. Usually,
however, when comparing two methods used to represent the
same results, it is easy to convert units if needed.
Second, one could argue that even when using Bland–Alt-
man plots, it is hard to determine whether agreement is good
or bad. But how to determine ‘good agreement’? That highly
depends on the clinical purposes of the test. However, it is
hard to believe that a variation of more than 50% of the mean
value as presented in Figure 5 would be acceptable.
CALIBRATION
Sometimes, a test is compared to what is considered to be the
gold standard or the ‘truth.’ This is the case when a new
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Figure 5 | Bland–Altman plot of the relation between inulin
and 24-h creatinine clearance. m is the mean of the differences
between measured and predicted glomerular filtration rate;
mþ 2 s.d. and m2 s.d. are the upper and lower limits of the
interval of agreement, respectively. Here, the mean difference is
6.7, whereas the limits of agreement are 39 and 26 ml/min per
1.73 m2, indicating that 95% of the differences between these two
measurements are within this range. Reprinted by permission
from Macmillan Publishers Ltd: Kidney International Mariat et al.4,
copyright 2004.
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measurement technique is implemented in the laboratory
based on the standards provided by the manufacturer. This
is called calibration instead of ordinary agreement. With
calibration, instead of calculating the mean of the two
methods, the truth itself is plotted on the x axis. This results
in a plot of residuals as can be seen in Figure 6. The
interpretations are similar. Making a plot of residuals has the
advantage of showing ways to alter the measurement
technique according to the systematic difference. Changing
the formula or settings of the equipment could result in
obtaining mean values equal to those of the gold standard. As
a result, one could use the plot to remove the systematic
error. However, a plot of residuals is not very useful in
showing agreement, because it has been shown that such
plots show a correlation between the difference and the
‘truth’ even if there is no difference between the measurement
error and the size of the values of the ‘truth.’11 Therefore, it is
preferred to present a Bland–Altman plot in articles or other
scientific literature when discussing agreement.
CONCLUSION
In this article, we have discussed methods of determining
agreement. Even though the correlation coefficient is easy
to calculate, its results hardly ever provide the correct
interpretation. In general, careful visual inspection of the
data is necessary. The Bland–Altman plot is preferred over the
correlation coefficient, as it has the major advantage of
revealing both systematic and random errors, which are
missed by the correlation coefficient.
SUPPLEMENTARY MATERIAL
Supplementary material is available.
REFERENCES
1. Galton F. Family likeness in stature. Proc R Soc Lond 1886; 40: 42–73.
2. Pearson K. VIII Mathematical contributions to the theory of evolution. III.
Regression, heredity and panmixia. Philos Trans R Soc Lond A 1896; 187:
253–318.
3. Pearson K. Determination of the coefficient of correlation. Science 1909;
30: 23–25.
4. Mariat C, Alamartine E, Barthelemy JC et al. Assessing renal graft
function in clinical trials: can tests predicting glomerular filtration
rate substitute for a reference method? Kidney Int 2004; 65:
289–297.
5. Doolan PD, Alpen EL, Theil GB. A clinical appraisal of the plasma
concentration and endogenous clearance of creatinine. Am J Med 1962;
32: 65–79.
6. Harris JA. Supplementary note on the significance of variety tests. Science
1913; 37: 493–494.
7. Tripepi G, Jager KJ, Dekker FW et al. Linear and logistic regression
analysis. Kidney Int 2008; 73: 806–810.
8. Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986; 1:
307–310.
9. Bland JM, Altman DG. Measuring agreement in method comparison
studies. Stat Methods Med Res 1999; 8: 135–160.
10. Myles PS, Cui J. Using the Bland–Altman method to measure agreement
with repeated measures. Br J Anaesth 2007; 99: 309–311.
11. Bland JM, Altman DG. Comparing methods of measurement: why
plotting difference against standard method is misleading. Lancet 1995;
346: 1085–1087.
−1 Mean A–B
Bland – Altman plot
A
–B
0
2
1
3
5
−1 Truth
Plot of residuals
A-
tru
th
0
2
1
3
5
m + 2 s.d.
m − 2 s.d.
m
m + 2 s.d.
m − 2 s.d.
m
Figure 6 | Difference between the Bland–Altman and the plot
of residuals obtained when calibrating. Both plots are based on
the data presented in Figure 3. In the Bland–Altman plot, the
difference is plotted against the mean of A and B making this the
most likely estimate of the truth. In the plot of residuals, the truth
is known, and therefore, the difference between method A and
the truth is plotted against the truth.
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